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OBJECTIVES
The ultimate objectives are:
To review the known occurrence of Simazine, Lindane and Permethrin in river fish.
To analyse fish species and/or age groups selected on the basis of spatial and temporal
occurrence in order to determine the concentrations and variability of Simazine, Lindane and
Permethrin in river fish.
To assess the significance of river fish in the environmental cycling of pesticides and
to make recommendations on the role of fish in setting water quality standards.
PROGRESS 1991-92
Work on the project commenced in July 1991. Considerable delays were encountered in the
early stages of the work due to difficulties in obtaining information. The following is a brief
account of progress up to the present time.
Literature search
The Procite data base now contains references associated with this and related topics. In
addition the literature has been examined with regard to methods currently in use for pesticide
extraction, although, as mentioned in the previous report of progress, it is clear that most
references in the field are strictly associated with toxicity tests. Some highly relevant data
has recently been found, notably in a paper by Henderson, Inglis and Johnson (1972). In
view of the nature of this North American study it was felt that it might be profitable to
reanalyse the data in terms of:
fish species which are known to occur in British rivers;
the known feeding habits of all the species listed;
the relationships between fish weights/lipid contents and pesticide levels.
Table 1 presents a summary of the available data. Appropriate analytical techniques will be
applied and the literature search will now be directed toward unearthing similar informaton
(if any exists).
Studies by MAFF
A visit to discuss sampling and analysis procedures with Dr Cohn Allchin of the MAFF
fisheries laboratory at Burnham-on-Crouch was very valuable. It was quickly made clear to
us that even in the marine field, knowledge of our area of research is rather limited, and thus
that we will be effectively "breaking new ground". Comments as to the use of Atrazine and
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Simazine on maize crops, Simazine for the maintenance of forestry fire breaks, and the
extensive and regular detection of Lindane at many wet and dry raingauge sites and the
occurrence of DDE in many samples taken from marine mammals provided useful
background.
Clean-up procedures used by the MAFF scientists are aldn to those which are employed in
our analyses but the Soxhlet extraction used at Burnham-on-Crouch would be inappropriate
for detection of Simazine.
Information from the Health and Safety Executive
Information was obtained from the Health and Safety Executive on the uses of the various
target pesticides. The following is a summary:
Simazine is a germination inhibitor used to prevent the growth of weeds. It is widely used
by British Rail along tracks, by local authorities for clearing pavements, by fencing
contractors prior to reseeding, in quarries, Anglian and Cambridge Water Companies who may
have been monitoring broads and dykes for pesticides, The National Trust (Contact Ted
Crawford Safety Coordinator of the National Trust) and by local authorities for clearing
ground prior to the laying of tarmacadam. A ban on its future use is under consideration by
MAFF Scientific and Medical Committee.
Permethrin (also Pyrethroids) is an insecticide used as a fumigant in glass houses and for
industrial control of flies. Commercial names include Ambush (ICI). It is used as an insect
powder for pets and other animals. The majority of cereal and rape growers will use one or
other of the pyrethroids if they have an aphid problem. In horticulture it is used to control
caterpillars, cabbage stem flea beetle and seed weevils.
Lindane is a wood preservative (woodworm killer) and may be used near rivers.
It was suggested that the ADAS agronomists could be asked whether they are being used in
the proposed sampling areas this year (Mr Price, Blandford). "Crop Link" is an organisation
with crop walkers who are "non-competent" agronomists used to identify weeds and pests
affecting crops and to advise farmers on what action should be taken. B(B)W chemicals of
Downton, Salisbury perform a similar function.
Red List substances
Details of the occurrence of "Red List" substances were supplied by DoE. But the few
instances of freshwater fish contamination proved to be of little value in planning the current
research programme.
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Selection of sampling sites
Two possible sampling sites have now been selected on the basis of reported target pesticide
inputs.
The river Stour, downstream of Kidderminster, in the Severn-Trent NRA region has already
been studies in the course of IFE research. It is known that target pesticide pollution occurs
in this area. Permissions for sampling have now been obtained with the assistance of Drs
North and Hickley of the Severn-Trent regional NRA. As soon as the riparian owners grant
access for•sampling, an electric fishing team will be deployed to obtain samples of the
available range of fish species.
Within the Thames NRA region there have been recent reports of pesticide pollution in the
river Ray, Wiltshire. Again permissions to sample are being sought with the cooperation of
the fisheries officer Vaughan Lewis and it is anticipated that the first samples will be obtained
in the near future from a reach downstream of Swindon sewage treatment plant.
Preliminary fish samples analysed
In the absence of concrete information on the incidence and location of contaminated fish,
samples were obtained as outlined below and used to test analytical procedures and recovery
efficiencies.
FISH TISSUE ANALYSIS
Introduction
Literature surveys indicate that several methods are currently in use for the extraction, extract
clean-up and analysis of pesticide residues in environmental samples. We report here tests
of the recovery of three pesticides from fish tissue by two modified methods.
Both methods employ solvent extraction from the sample followed by a solid phase clean-up
of the extract prior to analysis by GC with electron capture detection (ECD).
The compounds targeted in the present study represent three classes of pesticide; the triazine
herbicide Simazine, the organochlorine insecticide BHC (lindane) and cis-perrriethrin, a
pyrethroid insecticide.
The protocol employed at the Institute of Terrestrial Ecology, Monks Wood Experimental
Station, was used for preliminary tests of the recovery of spike additions of the pesticides
(Method `A'). An extension of the•method to allow measurement of Simazine was also
tested.
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The second method (13') incorporates this extension as part of the clean-up procedure. The
extract-clean-up in this method is a slight modification of that described by House et al.
(1990), and the IFE report RL/T04053h1/2. This was developed for analysis of
organochlorine, pyrethroid and triazine pesticide residues in extracts of aquatic sediments.
Method 'A' was developed for analysis of organochlorine insecticides and polychlorinated
biphenyls in a wide range of environmental samples including animal tissues. Small
quantities of tissue (c. 2 g wet weight) are required in the published method, an important
consideration when limited populations are to be sampled.
Reasonable recoveries (30-90%) have been reported for organochlorines and other compounds
with high octanol/water partition coefficients (1c,‘„)using method 'A'. The unmodified
method is unlikely to be suitable for analysis of the less lipophilic triazines since low polarity
solvents are employed during extract clean-up.
Materials
Dace were obtained from the River Avon, Hampshire and Salmon and Thin Lipped Mullet
from the River Frome, Dorset.
Fish were dissected and muscle, liver and other lipid-containing tissue stored separately at
<-20°C prior to analysis.
Fish liver was initially selected as a suitable tissue to examine for the presence of
accumulated pesticide residues.
Sand was acid washed (5N HCL) then heat treated at 700°C overnight. Initial tests used
0.5 mm sieved sand. 40-100 mesh sand (BDH) was used in method 13'.
Anhydrous Na2SO4(Analar BDH) was dried at 160°C overnight.
Pesticide-analysis grade solvents were used throughout.
Glassware was cleaned in chromic acid, washed in distilled water and rinsed with three
changes of acetone then hexane.
It was intended to test recovery of gamma BHC (linclane); however our initial tests with
method `A' used the closely related alpha isomer.
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Extraction Method 'A'
Samples of salmon liver (2.04 g) were weighed into 100 ml beakers and spiked with
individualpesticides in acetone solutionas follows:
(10 pl 209 mg/1 solution)
(5 pl 505 mg/1 solution)
(5 pl 501 mg/1 solution)
g). The resultant slurry was dried by adding
simazine 2.09 pg
a BHC 2.525 pg
cis-permethrin 2.505 pg
The samples were ground with sand (10
anhydrousNa2SO4(>20 g) and stirring.
Extraction of the dry powder followed a modification to the published procedure already
employed at Monks Wood, namely addition of alternate volumes of Hexane and Acetone
(20 ml then 5 ml aliquots)decantingthe previousextract before addition of the next aliquot
until a volume of 50 ml had been collected.
Extracts are allowed to settle overnight then 25 ml subsamples taken and evaporated in a
weighedvial with a streamof dry N2. Lipidcontentof the sampleis calculatedfrom the final
weights of the vials.
Extraction Method 'B'
Thin Lipped Mullet tissues were used to assess recovery efficiency of Method 'W.
Weighed samples of liver and subcutaneousfatty tissue were ground with sand in the ratio
of 2 g tissue to 10g sand. Selectedpairs of sampleswere spikedto either 100or 200 pg/Kg
(wet wt) with each pesticide.
All sampleswere then dried by stirringwith Na2SO4as for method 'A' then left to complete
drying at 5°C overnight.
1:1 acetone:hexanesolvent was used for extractionas in the published method 'A'. Small
volumesof the solventwere stirredwiththe dried sample,allowedto settle then decantedinto
a 100 ml volumetric flask. The procedureis repeated with 10 ml aliquots until 100 ml has
been collected.
The cloudy extract is allowedto settle overnightat 5°C. The extract is then filtered through
a precleanedNo.4 porosity sinteredglass filter leaving the sediment in the volumetric flask
until the bulk of the extract has been filtered. The flask and filter holding the sediment are
rinsed with fresh solvent and rinsings are filtered. 100%recovery of extract is assumed.
The filtrate is transferredquantitativelyto a pre-weighedRB flask and evaporatedto dryness
on a rotary evaporator. The residue weight is determinedand then taken up in 5% acetone
in hexane (HAS)prior to the first stage clean-up.
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Extract clean-up Method 'A'
Evaporated extracts are dissolved in hexane (5 ml) and a 1 ml sample transferred to a column
of preconditioned aluminium oxide (0.8 g, Neutral Brockmann grade 1) in a pasteur pipette.
The aluminium oxide was conditioned by heating to 800°C (4 hrs), cooling, then deactivating
with 5% water (w/w).
Lipophilic compounds are eluted with hexane (5x 1 ml aliquots). The eluate is analysed
directly.
Simazine is not readily soluble in hexane and this procedure is unlikely to give acceptable
recovery of the material. Previous work has shown that sediment extracts containing sirnazine
can be successfully cleaned in 5%-10% acetone in hexane solution using activated magnesium
silicate (Florisil) solid phase (House et al. 1990 and IFE report RL/T04053h1/2).
The remaining 4 ml of the dried extract in hexane was evaporated to dryness under N2 and
taken up in 10% acetone in hexane (5 ml). A 2 ml aliquot of this solution was applied to an
activated florisil column following the procedure for the second stage of the clean-up protocol
described in the method of House et al. (1990). The colunm was eluted with 10% acetone
in hexane (HAIO 40 ml) and the eluate evaporated to low volume before making up to 5 ml
with 10% acetone in hexane and analysing.
Extract clean-up Method 'B'
In the first stage of the method 'B' clean-up, the extracts in HAS are transferred to a florisil
column (Bondelut 3 ml) preconditioned with HAS (20 m1). The RB flask was rinsed with
successive 5 ml aliquots of HA5 to a total volume of 60 ml. Rinsings were used to elute
pesticides from the column.
The collected eluates are returned to the RB flask and evaporated to dryness on the rotary
evaporator.
The residue was extracted with 5 ml aliquots of hexane to a total volume of 20 ml. Hexane
extracts were transferred to an activated florisil column (as in method 'A') and the hexane
eluate collected (wash eluate). Pesticides residues in the RB flask were transferred to the
column with successive 5 ml washes with HA10. Three 20 ml HA10 eluates were collected
for separate analysis (eluates 1, 2 and 3 EL) to determine the elution pattern of the added
pesticides.
10 ml subsamples of the eluates were taken and evaporated to dryness under N2, spiked with
phosalone as internal standard and made up to 1 ml with HA10 for analysis.
Analyses
Pesticide residues were analysed by gas liquid chromatography(GLC) on a Perkin Elmer
8700 gas chromatographfitted with a split/splitlessinjector,25 m DB5 capillarycolumn (5%
phenylmethylsilicone stationaryphase) and an electroncapture detector (ECD).
Chromatographicconditions were as reported in House et al. 1990. Compounds were
identified by relative retention time (RRT) with reference to an internal standard, aldrin.
External standardswere used to calibrate the methodfor quantification.
Simazine analysis using the above conditionscan be inconsistent. Analyses for simazine
reported here used the same instrumentwith a programmabletemperaturevaporizer (PTV)
injector,30 m DB1301 columnand nitrogenphosphorusdetector (NPD) which has a greater
sensitivitythan ECD for this compound.
Chromatographicconditions were as follows:
Oven temperatures:
Initial temperature 140°C iso time 1 minute
First ramp 20°C per minute
Isothermal 240°C for 7 minutes
Injector conditions:
Initial temperature 100°C for 1 minute
in split mode
Vaporizationtemperature 280°C for 5 minutes
in splitless mode
Final temperature 150°C for 1 minute
Gases:
Makeup N2
Carrier He
Septum purge = 5 ml
Flow rate = 50 ml
External standardswere used for quantificationand identificationon the basis of retention
time (+ 0.02 minutes).
A mass selective detector (HP 4971A attachedto a HP 5890 series II GC) run in selective
ion modewas used for furtherconfirmationof the presenceof pesticides. Two characteristic
ions were selectedto monitor each pesticide.
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Results Method 'A'
No simazine,cis-permethrinor BHC were detectedin extracts of unspiked salmon liver.
% Recoveryof pesticide spikes
Compound Spikedliver
sample 1
Spiked liver
sample 2
Spiked
-blank
• BHC 107.3 105.7 65
cis-permethrin 32.1 no result 34.5
simazine:
originalclean-up
method
- - -
modifiedclean-up
method
57,6, 51.3 52.1 57.2, 66.8
Recoveryof BHC from liver appearsquantitativealthough there is some uncertainty about
the spikedblank.
Cis-permethrinrecovery is low using this protocol. The modified clean-up procedure used
for simazineanalysis will be examinedto see if losses are occurring at the clean-up stage.
No simazinecouldbe detectedin the extractspreparedusing the published clean-upmethod.
The modifiedclean-up yieldedacceptableand reasonablyconsistentrecoveries for all spiked
sampleextracts.
Traces of several organochlorinepesticideswere detected in the spiked and unspiked liver
extractsand solvent blank extracts.
OnlyDieldrinwas foundin all samples. Liverextractsindicatedlevels of between 1 and 1.25
pg/kg of liver. However blank extracts contained higher levels and trace contamination
cannot be ruled out.
Heptachlor was detected in the unspiked liver (1.25 pg kg), one sample of spiked liver
(<0.2 pg kg); also in the blank extract (0.125 pg, a high level which may indicate
misidentification).
Traces of lindane were found in one spikedliver extract (1.5 pg kg) and the solvent blank
(equivalentto 1 pg kg).
Traces of DDT, DDE, endrinand trans-permethrinwere also detected but not consistentlyin
liver extractsor were present at similarlevels in the blank.
Results Method 'B'
Patterns of elution of the three pesticides applied as spikes to Mullet fatty tissue are shown
in Fig. 1. The first two 20 ml HA10 eluates contain essentially all of the eluted pesticide
residues.
Spike recoveries corrected for traces measured in the unspiked samples are given in the
following table:
% Recovery of 200 pg kg"' spike in eluates
Compound wash eluate 1EL 2EL 3EL Combined
Simazine 0 66.4 19.3 0 85.4
Lindane 0 62.6 0.95 0.75 64.3
Cis-permethrin 0 55.35 3.38 1.67 60.4
Relatively high levels of pesticide spikes were used in the tests reported here; 1024 to•
1228 pg ke for method 'A' and 200 pg ke for method 'W. Injected concentrations
however approached the limits of reliable quantitation for cis-permethrin and BHC in method
'A'. Sensitivity was considerably greater for method 'B' where a greater proportion of the
extract was used in the clean-up stage. Recovery of lindane was lower in method 'B' than
'A' though within acceptable limits.
PRESENT STATUS OF STUDY
Although there are considerable difficulties due to the absence of published information on
many aspects of this work, we are now in a position to commence taking and analysing
samples from rivers and have located sites which should provide suitable material for analysis.
It is anticipated that sampling will commence in late August 1993.
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Figure 1. Elutionpattern of pesticidesfrom final clean-up column - Method B.
Pesticidespikes(200pg ke) extractedfrom Mullet subcutaneousfatty
tissue.
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Table 1. Extracted details of fish analysesafter Henderson,Inglis and Johnson (1971)
Species LengthiWeightLipid%HCH(ppm)DDE(ppm)
0.25


Arctic grayling 11.7 0.5 4.44 0.14 I


Arctic grayling 11.7 0.5 4.44 0.14 - 10.195
Bigrnouth buffalo 16.7 2.7 6.22 0.07 0.15


f3igrnouth buffalo 15.72 10.9 0.03 0.62


Bigmouth buffalo 16.22.35 8.56 0.05 0.385


Black bullhead 5.4t 0.2 1.51 L0.38 0.03


Black bullhead 9.80.56.151 0.010.04


Black bullhead 7.60.35 3.83 0.1950.035


Black crappie 10.40.6 6.07 0.020.62
-t


1.88, U.U1U.U1-


Uladk crappre 7.4 U.d
Black crappie 	 70.33.9 0.030.4


Black crappie 8.266670.43.95 0.020.65333
Bloater 120.826.5 0.083.52
.
Bloater 11.20.4 12.1T-0.031.07
-4-11.6Bloater -19.30.05512.295


Blue catfish 13.50.7 1.64 0.14' 1.87 I


Blue catfish13.5 i 0.7 1.641 0.14f 1.871


0.20.7 i-10.361


Bluegill 6.8
Bluegill7.30.34.391 0.20.22


Bluegill.7.60.43.45 0.81


Bluegill6.20.241.65 0.030.15 7
Bluegill'6.20.1 1.210.020.21


Bluegill7.1 0.4 .517-40.010.04,


BluegHl ,6.86667 0.2666-'1- 2.6516710.0650.29833,


Bridgelip sucker141.56.9670.020.351


Bridgelip sucker141.56.96 '0.020.35


Brown bullhead T- 11.70.91--8.540.1811.657:-


Brown bullhead9.60.42.34 0.01r0.26 i
7


Brown bullhead710.80.62.09


0.050.23
Brown bullhead11.90 8 5.94.370.17
Brown bullhead 	 _10.2_0.7 4.47/--0.0210.08


li-rO;q7biliflieci j -9.5 0.53.720.020.86'


Brown bullheadI. 10.61670.654.510.7751 0.54167


Carp 203.5 2.380.011 0.24


T
Carp 15.11.9 3.761-0.011,0.38 '



1


Carp
-
.81.83.15 0.21 0.3;15
2o,
	
4.66.15 0.081 	 1Carp I 2.931


Carp
-1-
13.711 1.715.510.991 0.06 1


16.3 0.3


Carp 2.1111.70.04
Carp8.60.46.440.310.08


Carp 10.11.6.
. 0.39 ,
Carp 11.80.82.59 0.03 0.29


Carp 15.31.95.76 0.06 1,74


Carp 13.91.43.61 0.01 0.06 •
Carp 24 3.8 3.6 0.19 1.24


Carp 14.5 1.51 1.5910.01 0.07


Carp 247.513.4 0.07 0.754


Carp 13.61 25 46 0 0? 0.25


Carp 15.21.67.05 0.01 0.03


Carp 110.92.5 • '0.041


Carp 16.92.55.3 0.01 0.26


Carp 14.61.54.98 0.01 0.13


Carp 172.1.8.51 0.01 0.1


Carp 12.90.94.141'


0.94


Car. 14.71.31,.99 ' 0.86
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Carp
Chain pickerel
152591
13.7
2.11364
0.5
4 5.885450.12053
	
1 3-0.07
0.51818
0.06
'


Chain pickerel 13.7 0.5 1.30.07 0.06


,
Channel catfish 13.6 0.9 9.650.16 0.3


Channel catfish 21.5 3.9 8.390.2, 1.031
._0.041
42.3
0.56


,
Channel catfish
Channel catfish
Channel catfish
4 11
11.6
0.9
10
0.9
7.520.01
10.4 [0.03
6.180.04
Channel catfish 13 0.9 20.11 5 0.09


Channel catfish 15.2 0.9 4.950.06


2.9SF
c0.7 

0.75


Channel catfish15.9
Channel catfish15.7
1.5
1.3
14M
8.74
0.29

0.63
i


Channel catfish14.5 0.8 5.83 0.01 0.49


Channel catfish13
Channel catfish9.2
0.8
0.2
8.88
4.2 0.01
0.01
0.61


Channel catfish16.1 1.2 5.65
81168461
0.01
0.22769_1_,
0.78,
3.895381
0.141
0.7 i
.
Channel catfish15.1769
1- 4..._
Chiselmouth10.2
Chiselmouth7.9
Chiselmouth7.9
1.86154
0.5
0.3
0751
.
_
2.98
7.67
7.67
0.03
0.02
0.02 0.7


Flannelmth sucker
Flannelmth suckii
	
19.22.6
	
19.212.6
	
2114 61
8.97
8.97
6.681-
0.02
0.02
0.02
0.13
0.13
0.821.


Flathead catfish


Flathead catfish21 4.6 6.680.02 0.82


T
Freshwater drum
Freshwater drum
13.5
13.5
12:
1.1
1 1
0.61
0.6
0.6
-
OM
0.3
0.5
6.21
6.21
24.3.4;--1
3.355
13.8
14T
12.5
0.02
. 0.02
0.14
0.06
0.08
a05
- 0.02
0 08
0.26
0.26
0.27
,
1.54
_
0.905
0.23
0.03
0.29
.


Gizzard shad
Gizzard shad
Gizzard shad
Goldeye
Golcieye
Goldeye
11.4
11.7
12.51-
10.8
12.9


Goldeye12.0667
Goldfish-7--11.7
0.53333
1.5--
13.4333
1-12.1
12.1
3.99
0.05
0.51
' 0.51
'
0.18333
1.24


Goldfish11.7
Klamath sucker13.5
1.5
1.21
1.24
0.02


Klamath sucker13.5
Lake trout22-
Lake trout14.6{--
Lake trout18.3j
Lake whitefish_ 16.1
1.2 3.99
1
2.64
7.32
13.2
2
.--
f131V/0!
0.02
-
0.01
0.015
0.05
0.05
0.27
0.02
0.98
0.04
0.511
0.34
0.34
1.34


3
0.9
1.95
1.2
Lake whitefish16.1
Largemouth bass9.2
1 1.2
0.5
13.2
 2.93
Largemouth bassA
Largemouth bass
Largemouth bass
Largemouth bass
10.5
0.6i
1.3
'0.8
3.2
0.54 	
	
0.440.01
	
2.60.01
	
5.4902
	
2./15..-102
	
9.260.01
0.17
0.72
1.63
037 4
0.12 i


9.7
13.4
10.5


Largemouth bass 17.3
Largemouth bass13.4
Largemouth bassl1761
1.61
-2.7
2.88 •
9.860.07
0.21
1.26 

Largemouth bass14 1.5 4.5 30.12 5.85
-i1.69
0.59


Largernouth bass11.3
Largemouth bass I11.8
0.71 7.11
11-41-
0.47
0.02


0.8


Largemouth bass12 1 1.03 •
	
3.7710.094,
	
1.660.01
0.1
0.12i
0.12 i


Largemouth bass15
Largemouth bass10.3
2.51._
0.5
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Largemouth bass
Largemouth bass
Largemouth bass
	
12.311.1
	
10.810.6
	
12_3188141.24375
	
15.11.4
	
15.211.6
_133_0.9
	
1319 i.5
	
16.52
417
1.83
187563
4.77
.4.75
4.6
	
0.030.191
	
0.0101.11-1


0.10857
am
 
0.01,
, 0.12
0.01
0.92313 	
033
0•14
0.47
0.15
0.36
.
_ _ _
Largescale sucker  
Largescale sucker
Largescale suckerf
Largescare sucker
Largescale sucker
1TO.8
5.25
Largescale suckd 14.78
154
1.486.034H 0.0375
0.03
0.29


Longnose sucker 1.23.02
.,
0.54


Longnose sucker 15.5' ,1.51.530.01 0.01


Longnose sucker 15.25 1.35 2.275 0.02 0.275


Northern Squawfis 	 13.114.91 '0.01 1'874-
--,--


Northern Squawf 13.114.91 0.01 1.87'


Pumpkinseedj 6.20.23.03 0.09 0.231


Pumpkinseed 6.2 0.23.03 0.09 0.231


Rainbow trout,13.2 16.42 0.011_ 0 5


Rainbow trout11.60.86.09, 0.01 0.08


Rainbow trout113.20.9 5.48. 0.01 0.08.


Rainbow trout12.66670.9 5.99667 .0.01 0.22
•


Redbreast sunfish5.80.22.38 ' 0.02


Redbreast sunfis 5.80.22.38 IIDIV/0! 0.02 '


Redhorse sucker 191 2.815.63 0.021 0.36,


Redhorse sucker _147.9 0.04]2.251_ 0.1844_ 0.17
___,._


Redhorse sucker 16.92' 7.88 0.02 0.03'


Redhorse sucker, 14.61.61333 5.25333 0.07333 0.186674


Rock bass7.2.0.3 2.330.01 0.08_1


Rock bass8.6 as 5.770.144 0.6'


Rock bass 7.9i0.454.050.075 I 0.34


Round Whitefish1 i-I
100.23 720.044 0.27 7


0.27,
-I


Round Whitefish 1100.23.710.041


Sauger13.70.94.930.01 0.38'
0.38 r	 1Sauger13.70.94.93J0.01


-Smallrnouth bass 115.51-i131-3.06 ' 0.94


Smallmouth bass100.94.58 0.01 0.94'


Smallmouth bassi 12.75-1.13.82 ' 0.01 1 0.94 i


Smallmouth butta1d 16.3 2.58 54 0.08 0.461


Smallmouth buffat16.3 2.58.54 0.08 0.46 ,


Spotted sucker12.6 1.23.49 0.1 0.291


Spotted sucker17.4 2.3 4.94 0.031 0.45


Spotted sucker15 1.75 4.215 0.065 0.37
,


Striped mullet16 1.8 8.07 0.28 4.55


Striped mullet14 3 1.1 i7.64 . 1.1410.08


Striped mullet15.15 1.45 7.855 ' 0.7112.315


Walleye17.2 1.6 4.7 ' 0.42


Walleye _ 17 6 1.4
_
5 03 0.01 0.05


,A1Fieye 17.4 - 1.5 4.865 0.01 0.235


White bass10.2 0.5 2.87 0.01 '0.13


Wh ite bass10.2 0.5 2.87 0.011 0.13


White catfish124 0.9 5.94. 0.231 0.38


.
white catfish 14.11 1.3 5.56


0.86


•
wh ite catfish 13.05 1.1 5.75 0.23 0.62


White crappie 7.6 0.21 2.08 2.19 0.03


White crappie 8.9 0.4 3.55 0.07 0.23


White crappie 8.7 0.2 ' • •


White crappie 6.9 0.2 1.7610.0710.22
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White crappie 8.02510.25 2.46333i 0.77667
5.130.25
' 0.16


Whiteferch 100 6 0.64 T
White perch 9.40.5 6.84 0.1810.9


White perch 9.50.5 9.68 0.261.95


White perch 9.633330.53333 '7.21667 0.2314.49667


white sucker 151 5 4 22 0 220 05


White sucker 14.71.4 1.85 0.24.82


White sucker 12.710.8 5.27 0.010.1


White sucker 15.111.5 2.95 0.20.22


White sucker 14.81.5 5.07 0.010.43


White sucker 12.10.7 4.36 ' 0.22.3
0.010.08
_,


White sucker 16.42.1 4.23
White sucker 14.41.35714 3.99286 0.121431.14286


Yellow perch 7.7 - 0.2 4.35 0.25-0.1


Yellow perch 8.810.4 5.96 0.20.49


Yellow perch 9.1 0.4 3.08 0.020.31


Yellow perch 10.4 0.6 7.21 0.310.75


Yellow perch
Yellow perch
9.4
9.9
0.4
0.5
4.64
3.58
	
0.01 0.35
	
0.020.48


Yellow perch 10.3 0.6 6.69 0.05 2.41


Yellow perch
Yellow perch
8.9
9.3125
0.4
0.4375
3.69
•4.9
0.01
0.10875
0.03


0.615
1






















1





























14
BIBLIOGRAPHY
Al-Omar M.A. et al. Residues of organochlorineinsecticides in fish from polluted
water. Bulletinof EnvironmentalContaminationand Toxicology, 1986,36: 109.
Alabaster•LS. The comparative sensitivity of coarse fish and trout to pollution.
Proceedingsof the 4th British Coarsefish conference,Liverpool, 1971.
AlabasterJ.S. & AbramF.S.H.Estimatingthe toxicity of pesticides to fish. Pesticide
ArticlesNews Summaries,1965, 11: 91-97.
Alabaster J.S. Survival of fish in 164 herbicides, insecticides, fungicides, wetting
agents and miscellaneoussubstances.Internationalpest control, 1969, 11: 29-35.
Allan R.J. Anthropogenicorganic chemicalpollution of lakes with emphasis on the
Laurentian Great Lakes. Salanlci, J., Herodek, S. (ed.). Conservation and
managementof lakes. Budapest:AkademiaiKiado, 1989: 217-243.
AmanoK., FukushimaT., Nakasugi0. Fateof linear alkylbenzenesulfonatesin a lake
estuary. Water Scienceand Technology,19910990), 230/3): 497-506.
Bedard D. L., Haber] M. L. Influence of chlorine substitution pattern on the
degradation of polychlorinatedbiphenyls by eight bacterial strains. Microbial
Ecology, 1990,20(2): 87-102.
BengtssonB.E. Long termeffects of PCB's (ClophenA 50) on growth,reproduction
and swimmingperformancein the minnow,Phoxinus phoxinus. Water Research,
1980, 14: 681-687.
BenoitD.A.,PuglisiF.A.& OlsonD.L.Fatheadminnow (Pimepheles promelas) early
life stage toxicitytest method evaluationand exposure to four organicchemicals.
EnvironmentalPollution, 1982,28: 189-197.
BoetiusI., BoetiusJ. Lipidandproteincontentin Anguilla anguilla duringgrowth and
starvation.Dana, 1985,4: 1-18.
Boyd C.E. & FergusonD.E. Susceptibilityand resistance of mosquito fish to several
insecticides.Journal of EconomicEntomology,1964, 57: 430-431.
BrusseauM.L.,JessupR.E.,RaoP.S.C.Nonequllibriumsorptionof organicchemicals:
elucidation of rate-limitingprocesses. Environmental Science and Technology,
1991,25 (1): 134-142.
Bush P.B. et al. Effectsof insecticideused in a pine seed orchard on pesticide levels
in fish. Water ResourcesBulletin (Urb.), 1986, 22: 817.
15
Canton J.H., Greve P.A., Slooff W. & van Esch G.J. Toxicity, accumulation and
elimination studies of a-cyclochlorohexane (a-HCH) with freshwater organisms of
different trophic levels. Water Research, 1975, 9: 1163-1169.
Carlberg G.E. et al. Influence of aquatic humus on the bioavailability of chlorinated
micropollutants in Atlantic salmon. Archives of Environmental Contamination and
Toxicology, 1986, 15: 543.
Coats J.R. & O'Donnel-Jeffery N.L. Toxicity of four synthetic pyrethroid insecticides
to rainbow trout. Bulletin of Enviromental Contamination and Toxicology, 1979,
23: 250-255.
Commandeur L.C.M., Parsons J.R. Degradation of halogenated aromatic compounds.
Biodegradation, 1990, 1(2/3): 207-220.
Cope O.B. Some responses of freshwater fish to herbicides. Proceedings of the 18th
Annual Meeting, Southern Weed Conference, 1965: 439-445.
Cope O.B. Sport Fishery Investigations in the effects of pesticides on fish and
wildlife. U.S. Fish and Wildlife service circular, 1965, 226: 51-63.
Corapcioglu M.Y., Hossain M.A., Hossain M.A. Anaerobic biotransformation of PCE
and TCE in groundwater: a comparison of experimental data with numerical
results. Water Science and Technology, 1991(1990), 23(1/3): 525-534.
Crossland N.O. Aquatic toxicology of cypermethrin: 11. Fate and biological effects
in pond experiments. Aquatic Toxicology, 1982, 2: 205-222.
Davies R.P. & Dobbs A.J. The prediction of bioconcentration in fish. Water Research,
1984, 18: 1253-1262.
Davies R.P., Dobbs A.J. The prediction of bioconcentration in fish. Water Research,
1984, 1800): 1253-1262.
Davis J. W., Carpenter C. L. Aerobic biodegradation of vinyl chloride in groundwater
samples. Applied and Environmental Microbiology, 1990, 56(12): 3878-3880.
Department of the Environment Welsh Office. Inputs of dangerous substances to
water: proposals for a unified system of control. The Government's consultative
proposals for tighter controls over the most dangerous substances entering the
aquatic environment ( The Red List"): London, DOE/Welsh Office.
Dobson T. Learning from North American Great Lakes degradation: thorough
environmental impact assessments point the way to pollution prevention. Salanki,
J., Herodek, S. (ed.). Conservation and management of lakes. Budapest: Akademiai
Kiado, 1989: 577-591.
16
Edwards D.A., Luthy R.G., Liu Z. Solubilization of polycyclic aromatic hydrocarbons
in micellar nonionic surfactant solutions. Environmental Science and Technology,
1991, 25(1): 127-133.
Eisenberg M. & Topping G.J. Organochlorine residues in finfish from Maryland
waters 1976-1980. Journal of Environmental Science and Health, 1985, 20b: 729.
Erickson R.J., McKim J.M. A model for exchange of organic chemicals at fish gills:
flow and diffusion limitations. Aquatic Toxicology, 1990, 18(4): 175-198.
Ferguson D.E., Ludge IL., Wood J.P. & Prather. J.W. The effect of mud on the
bioactivity of pesticides on fishes. Journal of the Mississippi Academy of Science,
1965, 11: 219-228.
Ferrando M.D., Moloner-Andreu E., Almar M.M., Cebrian C., Nunez A. [and others].
Acute toxicity of organochlorine pesticides to the european eel Anguilla anguilla:
the dependency on exposure time and temperature. Bulletin of Environmental
Contamination and Toxicology, 1987, 39: 365-369.
Fisher S.W. The pH dependent accumulation of PCP in aquatic microcosms with
sediment. Aquatic Toxicology, 1990, 18(4): 199-217.
Folmar L.C. Avoidance reactions of rainbow trout fry exposed to nine herbicides.
Bulletin of Environmental Contamination and Toxicology, 1976, 15(5): 509.
Gantzer C.J., Rittmann B.E., Herricks E.E. Effect of long-term water velocity changes
on streambed biofilm activity. Water Research, 1991, 250): 15-20.
Gitelson A.A., Szilagyi F., Garbuzov G.P. Hydrooptical model to investigate some
water quality components. Salanki, J., Herodek, S. (ed.). Conservation and
management of lakes. Budapest: Akademiai Kiado, 1989: 141-155.
Gobas F.A., Opperhuizen A., Hutzinger 0. [and others]. Bioconcentration of
hydrophobic chemicals in fish: relationship with membrane permeation.
Environmental Toxicology and Chemistry, 1986, 5: 637-646.
Grzenda A.R.G., Lauer G.J. & Nicholson H.P. Water pollution by insecticides in an
agricultural river basin. II The zooplankton, bottom fauna and fish. Limnology and
Oceanography, 1964, 9: 318.
Guerrero R.D., Guerrero L.A. Use of Derris root powder for management of
freshwater ponds. Huisman E.A., Zonnerveld N., Bouwmans A.H.M. (ed.).
Aquaculture research in Asia. Wageningen: Pudoc, 1989: 121-124.
Gunkel G. & Streit B. Mechanisms of accumulation of a herbicide (atrazine
s-triazine) in a freshwater mollusc (Ancylus fluviatilis) and a fish (Coregonus fra
Jurine). Water Research, 1980, 4: 1573-1584.
17
Gunkel G. Contamination of limnic systems by toxic substances and its control by
biomonitoring. Salanki J., Herodek S. (ed.). Conservation and management of
lakes. Budapest: Akademiai Kiado, 1989: 245-260.
Hamilton R.M. Discharges of pesticides to the rivers mole and Taw, their
accumulation in fish flesh and possible effects on fish stocks. Journal of Fish
Biology, 1985, 27(Suppl.A): 139.
Hansen D.J. Avoidance of pesticides by untrained sheepshead minnows. Transactions
of the American Fisheries Society, 1969, 98: 426-429.
Hawker D.W. & Connell D.W. Bioconcentration of lipophilic compounds by some
aquatic organisms. Ecotoxicology and Environmental Safety, 1986, 11: 184-197.
Hellawell J.M. Toxic substances in rivers and streams. Environmental Pollution,
1988, 50: 61-85.
Henderson C., Inglis A. & Johnson W.L. Residues in fish wildlife and estuaries.
Pesticides monitoring journal, 1971, 5(1): 1-11.
Henderson C., Pickering Q.H. & Tarzwell C.M. Relative toxicity of ten chlorinated
hydrocarbon insecticides to four species of fish. Transactions of the American
Fisheries Society, 1959, 88: 23.
Hewitt C.N., Metcalfe P.J., Street R.A. A method for the sampling and removal of
ionic alkyllead compounds from aqueous solution using ion exchange media.
Water Research, 1991, 25(1): 91-94.
Holcombe G.W., Phipps G.L. & Tanner D.K. The acute toxicity of kelthane, dursban,
disulfoton, pydrin and perrnethrin to fathead minnows (Pimephales promelas) and
rainbow trout (Sahno gairdneri). Environmental Pollution, In Press.
Holden A.V. Effects of Pesticides on fish. Environmental pollution by pesticides Ed.
C.A. Edwards, 1973, (213-253).
Hommel R.K. Formation and physiological role of biosurfactants produced by
hydrocarbon-utilizing microorganisms. Biosurfactants in hydrocarbon utilization.
Biodegradation, 1990, 1(2/3): 107-119.
Hurlburt S.H. Secondary effects of pesticides on aquatic ecosystems. Residue
Reviews, 1975, 57.
Ide F.P. Effects of pesticides (Toxicants) on stream life. Symposium on Water
Pollution.
Jaffe R. & Hites R.A. Anthropogenic polyhalogenated organic compounds in
non-migratory fish from the Niagara river area and tributaries to lake Ontario.
Journal of Great Lakes Research, 1986, 12: 63.
18
	• 54. Johnson W.W. & Finley M.T. Handbook of acute toxicity of chemicals to fish and
aquatic invertebrates. Report of the United States Department of Fish and Wilcllife
Services, Washington, 1978, WJ49079: 1-98.
Johnson W.W. & Finlay M.T. Handbook of acute toxicity of chemicals to fish and
aquatic invertebrates. U.S. Fish and Wildlife Service Research Publication, 1980,
137: 98pp.
Johnson M.G., Kelso J.R.M., George S.E. [and others]. Loadings of organochlorine
contaminants and trace elements to two Ontario lake systems and their
concentration in fish. Canadian Journal of Fisheries and Aquatic Sciences, 1988,
45: 170-178.
Jolly A.L., Avault J.W., Koonce K.L. & Graves J.B. Acute toxicity of permethrin to
several aquatic animals. Transactions of the American Fisheries Society, 1978,
10(6): 825-827.
Joy R.M. Mode of action of Lindane, Dieldrin and related insecticides in the central
nervous system. Neurobehaviour, Toxicology and Teratology, 1982, 4(6): 813-823.
Just A.C., Hawker D.W. & Connell D.W. Partitioning of Lindane between sediment,
water and the crustacean Metapemaeusmacleayi. Australian Journal of Marine and
Freshwater Research, 1990, 41: 389-397.
Kanazawa J. Bioconcentration ratio of Diazinon by fresh-water fish and snail.
Bulletin of Environmental Contamination and toxicology, 1978, 20: 613-617.
Kanazawa J. Relationship between the molecular weights of pesticides and their
bioconcentration by fish. Experientia, 1982, 38: 1045-1046.
Kenaga E.E. Correlation of bioconcentration factors of chemicals in aquatic and
terrestrial organisms with their physical and chemical properties. Environmental
Science and Technology, 1980, 14: 553-556.
Kerswill C.J. Studies on the effects of forest sprayings with insecticides, 1952-63, on
fish and aquatic invertebrates in New Brunswick streams: introduction and
summary. Journal of the Fisheries Research Board of Canada, 1967, 24(4):
701-708.
Khan N.Y. An assessment of the hazard of synthetic pyrethroid insecticides to fish
and fish habitat. In: Myamoto J. & Kearney P.C. (Eds) Pesticide Chemistry:
Human Welfare and the Environment., 1983, 3: 437-450.
	
• 65. Kingsbury RD. & Kreutzweiser D.P. Dosage-effect studies on the impact of
permethrin on trout streams. Report of the Forest Pest Management Institute.
19
Kingsbury P.S. & Kreutzweiser D.P. Impact of double applications of permethrin on
forest streams and ponds. Report of the Forest Pest Management Institute, 1979,
FPM-X-27: 1-42.
Klecka G.M., Gonsior S.J., Markham D.A. Biological transformations of
1,1,1-trichloroethane in subsurface soils and ground water. Environmental
Toxicology and Chemistry, 1990, 9(12): 1437-1451.
Kline E.R., Mattson V.R., Pickering Q.H., Spehar D.L. & Stephan C.E. Effects of
pollution on freshwater organisms. Journal of the Water pollution control
federation: In Fate and Effects of Pollutants, 1987, 59(6): 539-572.
Knapp J.S., Whyte11A.J. The biodegradation of morpholine in river water and
activated sludge. Environmental Pollution, 1990, 68(1-2): 67-79.
Kohler R.H. A complex seminatural outdoor-model ecosystem: effects of Lindane
(gamma- HCH). [Abstract]. Verhandlungen der Internationalen Vereinigung fur
Theoretische und Angewandte Limnologie, 1991, 24(4): p 2307.
Koneman H. & van Leeuwen K. Toxicokinetics in fish: Accumulation and
elimination of six chlorobenzenes by guppies. Chemosphere, 1980, 9: 3-19.
Kreutzweiser D.P. Response of a brook trout (Salvelinus fontinalis) population to a
reduction in stream benthos following an insecticide treatment. Canadian Journal
of Fisheries and Aquatic Science, 1990, 47: 1387-1401.
Kumaraguru A.K. & Beamish F.W.H. Lethal toxicity of permethrin (NRDD-143) to
rainbow trout, Salino gairdneri, in relation to body weight and temperature. Water
Research, 1981, 15: 503-505.
Larsson P., Hamrin S., Okla L. [and others]. Factors determining the uptake of
persistent pesticides in an eel population (Anguilla anguilla L.). Environmental
Pollution, 1991, 69: 39-50.
Lee C K & Lee B.H. Heat stability of organochlorine pesticide residues in loach.
Environmental Pollution, 1985, 19005): 96-161.
Lewis M.A. Chronic and sublethal toxicities of surfactants to aquatic animals: a
review and risk assessment. Water Research, 1991, 25(1): 101-113.
Liljestrand H.M., Lee Y.D. Sorption kinetics of non-ionic organic pollutants onto
suspended sediments. Water Science and Technology, 1991 (1990), 230/3):
447-454.
MacDonald J.R. & Penny G.H. Preliminary report on the effects of the 1967 New
Brunswick Forest spraying on juvenile salmonids and their food organisms.
Resources Development Branch Dept Fisheries canada, Halifax.: 47pp.
20
Macek K.J., Buxton K.S., Derr S.K., Dean J.W. & Sauter S. Chronic toxicity of
Lindane to selected aquatic invertebrates and fishes. Ecological Research Series
U.S. Environmental Protection Agency, 1976, 76-046: 58.
Mauck W.L. A review of the literature on the use of simazine in fisheries. U.S.
Fisheries and wildlife service report, 1974, 7406): 1-46.
Mauck W.L., Mayer F.L. & Holz D.D. Simazine residue dynamics in small ponds.
Bulletin of Environmental Contamination and Toxicology, 1976, 16(1): 1-8.
Mauck W.L., Olson L.E. & Marking L.L. Toxicity of natural pyrethrins and five
pyrethroids to fish. Archives of Environmental Contamination and Toxicology,
1976, 4: 18-29.
Mauser D.M., Rocke T.E., Mensilc J.G., Brand C.J. Blood level concentrations in
mallards from Delevan and Colusa National Wildlife Refuges. California Fish and
Game, 1990, 76(3): 132-136.
McKim J.M. Evaluation of tests with the early life stages of fish for predicting long
term toxicity. Journal of the Fisheries Research Board of Canada, 1977, 34:
1148-1154.
Mcleese D.W., Metcalfe C.D. & Zitko V. Lethality of permethrin, cypermethrin and
fenvalerate to salmon, lob"ster and shrimp. Bulletin of Environmental
Contamination and Toxicology, 1980, 25: 18-29.
Medford B.A., Mackay W.C. Protein and lipid content of gonads, liver and muscle
of northern pike (Esox lucius) in relation to gonad growth. Canadian Journal of
Fisheries and Aquatic Sciences, 1978, 35: 213-219.
Menzies C.M. Effects of pesticides on fish and wildlife. New York: Academic Press,
1972.
Muir D.C.G., Norstrom R.G., Simon M. [and others]. Organochlorine contaminants
in Arctic marine food chains: accumulation of polychlorinated biphenyls and
chlordane-related compounds. Environmental Science and Technology, 1988, 22:
1071-1079.
Muir D.C.G., Yarechewski A.L. [and others]. Dietary accumulation and sustained
hepatic mixed function oxidase enzyme induction by
2,3,4,7,8-pentachlorodibenzofuran in rainbow trout. Environmental Toxicology and
Chemistry, 1990, 9(12): 1463-1472.
MuIla M S , Majori G. & Arata A.A. Impact of biological and chemical mosquito
control agents on non target biota in aquatic ecosystems. Residue Reviews, 1979,
71: 121-173.
21
Mulla M.S., Navvab-Gojrati FLA. & Darwazeh H.A. Toxicity of mosquito larvicidal
pyrethroids to four species of freshwater fishes. Environmental Entomology, 1978,
7: 428-430.
Oliver B.G. & Niimi A.J. Bioconcentration of chlorobenbenzenes from water by
rainbow trout: Correlations with partition coefficients and environmental residues.
Environmental Science and Technology, 1983, 17: 287-291.
Ormerod S.J., Tyler S.J. Environmental pollutants in the eggs of Welsh Dippers
Cinclus cinclus: a potential monitor of organochlorine and mercury contamination
in upland rivers. Bird Studies, 1990, 37: 171-176.
Painter FLA., Zabel T.F. Review of the environmental safety of LAS: Medmenham,
Wrc.
Palmer R., O'Keeffe J. Transported material in a small river with multiple
impoundments. Freshwater Biology, 1990, 24(3): 563-575.
Pettigrew C.A., Haigler B.E., Spain J.C. Simultaneous biodegradation of
chlorobenzene and toluene by a Pseudomonas strain. Applied and Environmental
Microbiology, 1991, 57(1): 157-162.
Rao K.S. & Dad N.K. Studies of herbicide toxicity in some freshwater fishes and
ectoprocts. Journal of Fish Biology, 1979, 14: 517-522.
Rawn G.P., Webster G.R.B. & Muir D.C.G. Bioactivity and degradation of
permethrin in artificial pools. Canadian Technical Reports on Fisheries and
Aquatic Science, 1980, 975: 140-149.
Reiner E.J., Schellenberg D.H., Taguchi V.Y. Environmental applications for the
analysis of chlorinated dibenzo-p-dioxins and dibenzofurans using mass
spectrometry/mass spectrometry. Environmental Science and Technology, 1991,
25(1): 110-117.
Rodgers C.A. Uptake and elimination of Simazine by green sunfish (Lepomis
cyanellus Raf.). Weed Science, 1970, 18W: 134-136.
Saouter E., Ribeyre F., Boudou A., Maury-Brachet R. [and others]. Hexagenia rigida
(Ephemeroptera) as a biological model in aquatic ecotoxicology: experimental
studies on mercury transfers from sediment. Environmental Pollution, 1991, 69:
51-67.
Schimmel S.L., Patrick J.M. & Forrester J. Toxicity and bioconcentration of BHC and
Lindane in selected estuarine animals. Archives of Environmental Contamination
and Toxicology, 1977, 6: 355-363.
22
Schroder H.Fr. Identification of non-biodegradable, hydrophilic, organic substances
in industrial and municipal waste water treatment plant-effluents by liquid
chromatography-tandem mass •spectrometry (LC/MS/MS). Water Science and
Technology, 1991(1990), 230/3): 339-347.
Sekine M., Ukita M., Nakanishi, H. Systematic pollutegraph simulation for real scale
river basin. Water Science and Technology, 1991(1990), 230/3): 141-150.
Sinegre G., Babinot M., Vigo G., Tourenq J.N. Sensitiveness of three Chironomus
(Diptera) species to eight larvicides used for mosquito control. [Red. Annales de
Limnologie, 1990, 26(0: 65-71.
Snow J.R. Simazine as an algicide for bass ponds. Progressive Fish Culturist, 1963,
25: 34-36.
Spacie A. & Hamelink J.L. Alternative models for describing the bioconcentration of
organics in fish. Environmental toxicology and Chemistry, 1982, 1: 309-320.
Spehar R.L., Tanner D.K. & Nordling B.R. Toxicity of the synthetic pyrethroids
Permethrin and AC222, 705 and their accumulation in early life stages of fathead
minnows and snails. Aquatic Toxicology, 1982, 3: 171-182.
Spehar R.L., Tanner D.K. & Nordling B.R. Toxicity of the synthetic pyrethroids,
permethrin and AC222,705 and their accumulation in early life stages of fathead
minnows and snails. Aquatic Toxicology, 1983, 3: 171-182.
Stephenson R.R. Aquatic toxicology of cypermethrin. 1. Acute toxicity to some•
freshwater fish and invertebrates in laboratory tests. Aquatic Toxicology, 1982, 2:
175-185.
Steward A.R., Kandaswami, C. [and others]. Disposition and metabolic fate of
benzo[a]pyrene in the brown bullhead. Environmental Toxicology and Chemistry,
1990, 9(12): 1503-1512.
Sun Feei. Evaluating Acute Toxicity of Pesticides to Aquatic Organisms Carp,
Mosquitofish and Daphnids. Plant Prot. Bull. (Taiwan R.O.C.), 1987, 29: 385-396.
Swackhamer D., Hites R.A. Occurrence and bioaccumulation of organochlorine
compounds in fishes •from Siskiwit Lake,Isle Royale, Lake Superior.
Environmental Science and Technology, 1988, 22: 543-548.
Swain W.R. et al. Long range transport of toxic organic contaminants to the North
American Great Lakes: In problems of aquatic toxicology, biotesting and water
quality management. Proceedings of USA-USSR symposium, Borok, Jaroslavl
Oblast, July30-August 1, 1984 R.C.Ryans (ed), 1986.
23
Takada H., Ishiwatari R. Linear alkylbenzenes (LABs) in urban riverine and coastal
sediments and their usefulness as a molecular indicator of domestic wastes. Water
Science and Technology, 1991(1990), 23(1/3): 437-446.
Thomann R.V. Bioaccumulation model of organic chemical distribution in aquatic
food chains. Environmental Science and Technology, 1989, 23: 699-707.
Tooby T.E., Thompson A.N., Rycroft R.J., Black I.A. & Hewson R.T. A pond study
to investigate the effects on fish and aquatic invertebrates of deltamethrin applied
directly onto water. Aquatic Environment Protection 2: Fisheries Laboratory
Burnham on Crouch, Essex, England, 1981, 2.
Tucker C.S. & Boyd C.E. Consequences of periodic applications of copper sulphate
and Simazine for phytoplankton control in catfish ponds. Transactions of the
American Fisheries society, 1978, 105(2): 116-120.
Vaskovskaya L.F. & Chernysheva A.O. Pesticide residues and their transformation
in fish. Environmental Pollution, 1986, 1: 104.
Veith G.D., DeFoe D.L. & Bergstedt B.V. Measuring and estimating the
bioconcentration factor of chemicals in fish. Journal of the Fisheries Research
Board of Canada, 1979, 36: 1040-1048.
Walker CR. Simazine and other a-triazine compounds as Aquatic Herbicides in Fish
Habitats. Weeds, 1964, 12: 134.
Watldnson R.J., Morgan P. Physiology of aliphatic hydrocarbon-degrading
microorganisms. Biodegradation, 1990, 1(2/3): 79-92.
Woodward D.F. & Mauck W.L. Toxicity of five forest insecticides to cutthroat trout
and two species of aquatic invertebrates. Bulletin of Environmental Contamination
and Toxicology, 1980, 25: 846-853.
Zamojski J. et al. Organochlorine insecticides and heavy metals in fish from Mutek
Lake, N.E. Poland. Bulletin of Environmental Contamination and Toxicology,
1986, 37: 587.
Zitco V., McLeese D.W., Metcalfe C.D. & Carson W.G. Toxicity of permethrin,
decamethrin and related pyrethroids to salmon and lobster. Bulletin of
Environmental Contamination and Toxicology, 1979, 21: 338.
24
á
